Advances in Cognitive Psychology
important in the studying the microgenesis of object perception. I cannot review all of the related accomplishments of the past. For that I refer the reader to Chapter 1 of the 2 nd edition of our book, Visual Masking . It amply reviews the With the exception of Piéron's (1935) and Werner's (1935) more impressionistic and phenomenological accounts, visual masking studies concentrated on parametric variation of stimulus properties, threshold measurements and quantification of the functional properties of masking. Particularly good examples of this kind of work were the classical studies on masking of light performed by Crawford (1947) and on metacontrast by Alpern (1953) toward the middle of the 20 th century. Both investigations and their immediate offshoots focused on pro-cesses -early light and dark adaptation, interactions among rod and cone activations -that were deemed to occur at early, peripheral levels. Neither was remotely concerned with higher brain processes related to cognition or consciousness. While masking by light is largely confined to peripheral, most likely retinal, processes (Battersby, Oesterreich, & Sturr, 1964) , we now know that the crucial aspects of metacontrast and pattern masking are determined by cortical interactions. Since the http://www.ac-psych.org Bruno G. Breitmeyer 1960s very few studies were conducted on masking by light, and none that I know of since Cogan's (1989 Cogan's ( , 1992 ) studies in the late 1980s and early 1990s. In contrast, pattern masking and metacontrast studies retained their currency to the present. Why?
I believe three trends in scientific outlook merged mid century to promote continued interest in, among many other topics, pattern masking. Because they specify and actualize a single or a few constellations of features from among a vastly larger set of possibilities, patterns are organized physical or mental entities that convey information. Within that context, one trend was the theory of communication (Shannon & Weaver, 1948) , which formalized a rigorous mathematical definition of information in terms of bits. In turn this formalization could be wedded readily with a second concurrent formalization in computational science and artificial intelligence (Turing, 1950) . The third was the pioneering work of Hebb (1949) attempting to reconcile phenomenological Gestalt and functional "connectionist" approaches in a plausible neural-network model of the organization of mind and its perceptual and cognitive control of behavior. The imprint of the former influence was clearly left on the pioneering works of Cherry (1953) , Broadbent (1958) and Moray (1959) on the role and properties of attention in various "capacity-limited" sensory "channels" of communication, and with respect to masking on the information-processing approaches to visual cognition, with all its "parallel" and "serial" processors, adopted from the early 1960s through 1970s by Averbach and Coriell (1961) , Sperling (1963 ), Scheerer (1973 ), and Turvey (1973 Weisstein (1968) and by Bridgeman (1971) . What I consider to be an important transitional approach to masking was the work of Bachmann (1984 Bachmann ( , 1994 , which appeared at about the same time as the first edition of my book on visual masking highlighting the dual-channel, sustained-transient approach to masking (Breitmeyer & Ganz, 1976 Re-entrant activation, central to the theoretical thinking of a number of current visual and cognitive neuroscientists (Edelman, 1987; Posner, 1994; Zeki, 1993) is also a central theme in the theory of objectsubstitution masking (Enns, 2004; Enns & Di Lollo, 1997; Di Lollo, Enns, & Rensink, 2000) ; and I will argue later that it also will have to be incorporated into other neural network models that make claims to physiological realism. Just as Bachmann's model of perceptual retouch (PR) -which by the way is a form of object substitution -placed the spotlight on the underadvertised existence of the retino-reticular-thalamic activations, so does object-substitution masking highlight the important roles of heretofore underadvertised yet massive reentrant pathways in the cortical visual system. More on that later also.
Neuroscientific approaches to masking
The first neuro-and electrophysiological studies of masking go back nearly four decades. I will not review all of the studies that have been conducted since then; such a review is found in Chapter 3 of our forthcoming book on visual masking . I will highlight the few that, in my opinion, are most revealing in relation to metacontrast and para-contrast masking. Of the older studies, the studies by Schiller and Chorover (1966) , Vaughn and Silverstein (1968) , and Schwartz and Pritchard (1981) Lamme, Super, Landman, Roelfsema, & Spekreijse, 2000) 0.8 are not due to long-latency afferent or feedforward drive, as I had thought, but rather due to re-entrant activation from higher cortical visual areas. While I still believe the gist that metacontrast suppression is exerted on the sustained parvocellular-dominated cortical pathway (see below), I also believe that it occurs at the feedback/reentrant level rather than the feedforward level.
Post-stimulus multi-unit response magnitude functions obtained from V1 monkey neurons when a stimulus is perceived/seen and when it is not perceived/seen. (Adapted from
I believe this view is also consistent with the some of the recent results reported by Macknik and Livingstone (1998) . They showed (see Figure 2 ) that metacontrast suppresses a later target-response component which they associated with the offset of the target, whereas it had virtually no effect on the early response compo- The two TMS masking maxima found by Corthout et al. (Corthout, Uttl, Walsh et al., 1999 , Corthout, Uttl, Ziemann et al., 1999 (Andreassi, De Simone, & Mellers, 1975; Bridgeman, 1980; Lamme et al., 2002; Schiller & Chorover, 1966; Schwartz & Pritchard, 1981; Vaughan & Silverstein, 1968) . Corthout, Uttl, Ziemann et al., 1999) .
comparison of the two sets of findings, in Figure 5b we shifted the visual masking results, so that the vis- 
neural-network modeling
For these reasons I maintain that neural-network models of backward pattern masking need to pay due attention to re-entrant cortical activations. Our updated Several recent findings, some from our own laboratories, however, do have implications for model figure 5. Corthout, Uttl, Ziemann et al. (1999) (Baseler & Sutter, 1997) . (From Breitmeyer, Ro, Öğmen, 2004) Unadjus 
(a) Comparison of a typical masking function obtained in our laboratory using a visual para-or metacontrast mask and a typical masking function obtained by

Schematic of hypothetical metacontrast suppression of reentrant activation in the cortical parvocellular (P) pathways.
http://www.ac-psych.org building. One finding is the very existence of commononset masking (Bischof, & Di Lollo, 1995; Di Lollo, Bischof, & Dixon, 1993; Di Lollo, Enns, & Rensink, 2000) . http://www.ac-psych.org 
Metacontrast contour and surface-contrast suppression as a function of stimulus onset asynchrony (SOA). (Adapted after
WHat next?
As with weather forecasting, forecasting developments in any field of research is an inexact exercise. The safest bet is that things will be much the same tomorrow as today. Easier is the task of posing questions that might define some of the paths that future developments take. by Macknik and Livingstone (1998) and with prior psychophysical findings (Cavonius & Reeves, 1983; Scharf & Lefton, 1970) . This effect cannot be explained by the center-surround antagonism of classically defined receptive fields. Some other sort of process, perhaps akin to the longer lasting cortical inhibition reported by several investigators (Berman, Douglas, Martin, & Whitteridge, 1991; Connors, Malenka, & Silva, 1988; Nelson, 1991 
